ABSTRACT
Introduction
Broad absorption line (BAL) QSOs comprise ≈ 10% of the objects in optically selected QSO samples. Their defining characteristics are deep, high-velocity (usually < 0.1c) absorption troughs blueward of high-ionization broad emission lines (BELs) in species such as Si IV, C IV, N V, and O VI (e.g. Turnshek 1988 and Weymann et al. 1991) . They also have a distribution of linear polarizations which peaks at a significantly higher polarization in comparison to non-BAL radio-quiet QSOs (Schmidt & Hines 1999; Hutsemékers, Lamy & Remy 1998; Goodrich 1997; Turnshek 1988) ; indeed the origin of much of the polarization in most non-BAL QSOs is probably the Galactic interstellar medium.
The observed polarization properties of BAL QSOs depend on, and therefore contain relevant astrophysical information on, the geometries and physical properties of the inner regions of these QSOs (i.e. the narrow emission-line region, the dusty torus, the BAL region, the BEL region, any scattering regions, the thermal accretion disk, and any region producing non-thermal emission). Recent studies on the polarization properties of BAL QSOs (Schmidt & Hines 1999; Hutsemékers et al. 1998; Ogle 1998; Goodrich 1997) have shown that: (1) their continuum polarizations are, on average, significantly higher than non-BAL radio-quiet QSOs, with the degree of polarization rising mildly toward shorter wavelengths, (2) the BALs are more highly polarized than the continuum, with position angle rotations observed in the BAL troughs, (3) BELs in some BAL QSO spectra are polarized, but the degree of polarization is lower than in the continuum and the polarization position angles are not necessarily similar, and (4) there is some evidence that the degree of polarization is positively correlated with the BAL QSO's balnicity index (defined by Weymann et al. 1991) and the presence of low-ionization BALs, with objects having higher balnicity indices and/or low-ionization BALs being more polarized on average.
While it is generally agreed that the scattered continuum is, in large part (if not totally), responsible for the observed net polarizations observed in BAL QSOs (e.g. Goodrich & Miller 1995; Ogle 1998; Schmidt & Hines 1999) , the size-scales and geometries of the regions containing scattering particles (i.e. electrons and/or dust particles) are not yet well constrained. However, the gravitationally-lensed Cloverleaf BAL QSO H1413+1143 (z em ≈ 2.55) is at present a unique laboratory for study of the polarization mechanism.
Its four components are known to have a combined net continuum polarization which has varied between 1.5 − 3.5% over a decade (Goodrich & Miller 1995) and one of the four components (component D) shows evidence for microlensing in the form of light variability (see Angonin et al. 1990 , Arnould et al. 1993 , Remy et al. 1996 , Ostensen et al. 1997 new evidence presented here) and differences in BEL and BAL profile characteristics (Chae & Turnshek 1999 and references therein).
We know that, in principle, microlensing could alter the net polarization of a single gravitationally-lensed component, since this process selectively produces additional magnification of a small region of an Einstein ring radius on the source plane. The resulting polarization properties during microlensing would depend on the detailed geometry of the region where the polarized light originates (see Belle & Lewis 2000 for examples) .
Consequently, the observed component polarization properties during microlensing can be used to constrain the projected sizes of the scattering regions and their projected distances from any central black hole (i.e. the central region of the accretion disk). properties than the other three components. In §2 we describe our observations and data analysis; in §3 we present the results; and in §4 we discuss the implications for models of the production of polarized light in BAL QSOs. We note that this paper is the fifth in a series of HST results on the Cloverleaf by members of our group. Earlier results include constraints on the sizes and shapes of absorbing regions producing the BALs (Turnshek 1995) , constraints on the component image locations and magnifications (Turnshek et al. 1997) , constraints on the properties of the intervening absorbers seen in the component spectra (Monier, Turnshek & Lupie 1998) , and implications for gravitational-lens models of the Cloverleaf, including a constraint on BEL region size scales (Chae & Turnshek 1999 ).
In this

Observations and Data Analysis
For this study the Cloverleaf QSO was observed at two closely-spaced epochs, 15-16 Table 1 and numbered as a referencing convenience. Each F555W observation consisted of taking two sets of four dithered images. The pixel position of component A in the second set was chosen to coincide with that of component D in the first set. In addition to the normal procedures for identifying cosmic ray contamination of WFPC2 images, all pipeline processed images were also individually examined. Cosmic rays present near the Cloverleaf components were removed interactively and the data were replaced using interpolation.
After sky subtraction, each set of images was combined via the variable-pixel linear reconstruction algorithm, or the "drizzling" algorithm (Fruchter & Hook 1998; Fruchter et al. 1997) . Point spread function (PSF)-fitting photometry showed that the photometric results of the two sets for each observation were consistent with each other. Finally, all eight images in the two sets were drizzled to form one image. The procedure of taking dithered images and combining them via drizzling partially restores the PSF, thereby facilitating more accurate PSF-fitting photometry. Using the final drizzled image for each observation, an empirical PSF was constructed iteratively from the Cloverleaf components themselves, and then the Cloverleaf components were fitted simultaneously using this empirical PSF.
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For the above procedures, the Image Reduction and Analysis Facility (IRAF) packages DAOPHOT and STSDAS were used. The reliability of the above PSF-fitting photometry was tested by visually examining the PSF-subtracted region and computing pixel statistics within the subtracted region; the mean pixel data number (DN) value within the region was |DN| 0.1σ in all cases.
The observations were photometrically and polarimetrically calibrated using the standard "pipeline" calibration procedures implemented at the Space Telescope Science
Institute. The goal of our program was not to make absolute measurements, but to detect any relative changes among the components and between the two epochs. Thus, the errors we quote based on our differencing procedures are statistical in nature. Our relative measurements and the resulting interpretation should not be affected by a small systematic error in the pipeline calibration.
The derived F555W photometric results without polarizers (i.e. observation numbers 1, 2, 3 and 11, 12, 13) were found to be highly consistent with one another. This served as an independent test, confirming the reliability of our method of photometry. The F702W photometric observations without polarizers (i.e. observation numbers 4, 5, 6 and 16, 17, 6 We could not use the "Tiny TIM" software to generate PSFs since it does not have the capability of incorporating the effects of the polarizing filters. We found that all individual images taken with the POLQN33 polarizer (for both epochs) and the POLQP15 polarizer (for the March epoch) had substantially modified PSFs in terms of FWHM and peak pixel value in comparison to images taken without polarizers.
18) allowed us to fill up the remaining time available for exposures in a number of the orbits using a filter that had previously been used to observe the Cloverleaf, but without the goal of deriving photometry using drizzling. We found the statistical errors to be considerably reduced using the drizzling method.
In order to determine the Stokes parameters (I, Q, U), the F555W observations with polarizers were incorporated into the WFPC2 polarization calibration model (Biretta & McMaster 1997) . The Stokes parameters are related to the degree of polarization (p) and
where q ≡ Q/I, u ≡ U/I, and n = 0, 1, 2 for u ≥ 0 and q ≥ 0, u ≥ 0 and q ≤ 0 (or, u < 0 and q < 0), and u ≤ 0 and q ≥ 0, respectively. For the March epoch, six observations were incorporated simultaneously using a χ 2 fitting technique to determine the Stokes parameters. 7 The χ 2 is defined by
where i = 7, 8, 9, 10, 11, 12 are the March observation numbers, C obs i and C mod i are the observed and calibration-model-predicted counts, respectively, and σ i are the statistical errors in the observed counts. The minimum χ 2 value was χ 2 min < 7, with 3 degrees of freedom for all components, indicating that there is a reasonable match between the model and the data. The 1σ statistical errors for each Stokes parameter were estimated using Press et al. 1992) , and the statistical errors for p and P A 7 For the March data we did not use the web-based WFPC2 polarization calibration tool or the IRAF IMP OL package, since the former can take only three relative counts at one time while the latter takes the images themselves as input using only aperture photometry, which is less accurate for the "crowded" Cloverleaf field. It was possible to use the web-based WFPC2 polarization calibration tool for the June data.
were estimated assuming Gaussian error propagation. For the June epoch (i = 19, 20, 21 
Results
Below we consider the results of our WFPC2 observations in two separate parts. First, we consider any evidence for photometric variations among the four lensed components of the Cloverleaf between the June 1999 and March 1999 epochs ( §3.1, Table 2a ,b). Second, we consider any evidence for differences in the linear polarization among the four lensed components ( §3.2, Table 3 ).
Brightness Variation of Component D: Evidence for Microlensing
The photometric observations of the Cloverleaf without polarizers were used to search for and measure any brightness variations over the time baseline (≈ 100 days) which separated the two epochs of observation. As noted earlier, the individual F555W photometric results for each epoch were very consistent with one another; the average F555W photometric results for each epoch are reported in Table 2a ,b. The average F702W photometric observations are also reported in Table 2a (Angonin et al. 1990; Arnould et al. 1993; Remy et al. 1996; Ostensen et al. 1997 ).
Polarimetric Results
For the March 1999 and June 1999 epochs of observation, Table 3 gives the measured normalized Stokes parameters q and u, the degree of linear polarization (p), the corrected degree of linear polarization (p corr ) which takes into account the bias toward measuring higher polarization in low signal-to-noise data (Wardle & Kronberg 1974) 
Discussion
These results are the first observational ones which address resolved polarization measurements in a gravitationally-lensed QSO and, owing to our interpretation ( §3.1 and below), the first to report evidence for microlensing of a polarized-light region in a QSO.
Before we examine the implications of our interpretation, we should comment on some issues which can affect the interpretation. For example, polarization induced by any dust which is present along the sight-line toward the Cloverleaf is unlikely to be responsible for the added component of polarization that appears to be present in component D. 46 cm from the central photoionizing source (Murray & Chaing 1998; Kaspi et al. 2000) , where L 46 is the lensed QSO luminosity in units of 10 46 ergs s −1 . The source QSO luminosity in the Cloverleaf is not well-constrained because observations only provide results on the relative component amplifications; however, the lens models suggest that the luminosity is likely to be of order L 46 . Evidently the Cloverleaf is polarized because an asymmetric continuum scattering region also lies within the macrolensed region. The asymmetry is a requirement since the net polarization is non-zero. This region is not static; changes in parts of it must give rise to the variable continuum polarization which is seen. The fact that we have evidence for a variation in the net polarization over a ≈ 100 day interval in the observed frame (≈ 30 day interval in proper time) suggests that the size scales involved which lead to changes in polarization are < 10 17 cm. However, each part of this asymmetric scattering region by itself would be expected to give rise to highly-polarized continuum light (p scatt,cont > 10%), but when averaged over the entire asymmetric region there would be a much smaller net polarization. the polarized scattered-light region must lie beyond the inner continuum-producing region which it reflects, far enough so that the inner continuum-producing region is not microlensed. This is because, if the entire scattering region were to lie within the microlensed region, there would be a near constant magnification across the region during microlensing, the continuum light and scattered continuum light would be similarly amplified, and the polarization would remain unchanged among the four components during microlensing.
Note that microlensing of an unpolarized central continuum-producing region (e.g. the continuum from the thermal accretion disk) is also not a possibility, since this would reduce the polarization in component D, which is not observed. These constraints are new; they were not addressed in the discussion of Chae & Turnshek (1999) because component polarization information was unavailable.
The size of the microlensed region on the source plane will be of order the Einstein ring size. Following Chae & Turnshek (1999) , the Einstein ring size on the source plane produced by a microlensing star is given by η 0 ≈ 2 × 10
cm, where M is the mass of the microlens. This is ≈ 8 light-days for a solar mass star, which is larger than the expected size of the continuum emitting region from any accretion disk. We would expect the size of the microlensed polarized scattering region to lie beyond this region.
Taken together our results therefore suggest that the size-scale of the polarized scattered-light region in the Cloverleaf is
From these results it is clear that a more rigorous future program dedicated to monitoring (photometric, spectroscopic, and polarimetric) the Cloverleaf would hold promise for providing valuable constraints on models of the inner regions of QSOs (i.e the BAL region, the BEL region, and the scattered-light region producing the polarization).
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c We use the formula of Wardle & Kronberg (1974) to correct the bias toward higher polarization degree in low S/N ratio data:
Our derived errors in P A are in good agreement with their general prescription for estimating the P A errors under such conditions: σ P A ≈ 28.65σ p /p deg.
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